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near the middle of the tube, the readings will go on for a considerable time 
without altering the quantity of fluid in the chamber, and ten inches of 
graduation are found to be ample under all circumstances. By thus taking 
all the readings, so to speak, on the balance, a uniformity of proceeding 
is secured, which is not without its value. The instrument, constructed 
according to the dimensions here given, will denote the intensity of the 
noonday sun at the summer solstice near the sea- level in England by about 
100 divisions of the scale. 

Owing to the difficulty of shading satisfactorily, and anomalies found 
to occur in observing among the snow-fields on the high crests of the 
Alps, the following contrivance has been adopted : — 

A plain telescope-tube of bright metal, 18 inches long and 2| inches in 
diameter, open at both ends,, is pierced in its central section with a circular 
hole li to 1-J- inch in diameter, from which springs a flanged shoulder 
projecting about -J- inch to receive a perforated split bung, which clasps the 
thermometer- stem and holds the bulb firmly in the centre of the axis of 
the tube. Two caps, fitted at the ends with clean plate-glass, are made 
to slide off and on at the two ends to admit of the glasses being readily- 
wiped. By protecting these with a little wadding, the tube serves as a 
case for two actinometers. In the central section of the tube, made by a 
plane perpendicular to its axis, and nearly 90° from the centre of the cir- 
cular hole, is a screw to attach the tube to an altitude and azimuth motion, 
by means of which it may be kept constantly directed towards the sun. 
Below the joint is provided means of attachment to an alpenstock or ice- 
axe. The shading is effected by means of a loose-fitting cap, bottomed by 
a chamber with air-holes. The shadow of the large thermometer-bulb on 
the lower glass, or on a plane held beneath it, is a guide to a perfect ad- 
justment in the working of the instrument. 

IL ^^ An Eighth Memoir on Quantics.^^ By Professor A. Cayley^ 

F.R.S. Eeceived January 8j 1867. 

(Abstract.) 

The present memoir relates mainly to the binary quintic, continuing the 
investigations in relation to this form contained in my Second, Third, and 
Fifth Memoirs on Quantics ; the investigations which it contains in relation 
to a quantic of any order are given with a view to their application to the 
quintic. All the invariants of a binary quintic (viz. those of the degrees 
4, 8, 12, and 18) are given in the memoirs above referred to, and also the 
covariants up to the degree 5 ; it was interesting to proceed one step 
farther, viz. to the covariants of the degree 6 ; in fact, while for the degree 
5 we obtain three covariants and a single syzygy, for the degree 6 we ob- 
tain only two covariants, but as many as seven syzygies. One of these is, 
however, the syzygy of the degree 5 multiplied into the quintic itself, so 
that, excluding this derived syzygy, there remain (?— 1=) six syzygies 
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of the degree 6. The determination of the two covariants (Tables 83 and 
84 post.^, and of the syzygies of the degree 6, occupies the commence- 
ment of the present memoir. The remainder of the memoir is in a great 
measure a reproduction (with various additions and developments) of re- 
searches contained in Prof. Sylvester's Trilogy, and in a recent memoir by 
M. Hermite'''*. In particular, I establish in a more general form (de- 
fining for that purpose the functions which I call " Auxiliars ") the theory 
which is the basis of Prof. Sylvester's criteria for the reality of the roots 
of a quintic equation, or, say, the theory of the determination of the cha- 
racter of an equation of any order. By way of illustration, I first apply 
this to the quartic equation ; and I then apply it to the quintic equation, 
following Prof. Sylvester's track, but so as to dispense altogether with his 
amphigenous surface, making the investigation to depend solely on the 
discussion of the bieorn curve, which is a principal section of this surface. 
I explain the new form which M. Hermite has given to the Tschirnhausen 
transformation, leading to a transformed equation, the coefficients whereof 
are all invariants ; and, in the case of the quintic, I identify Mdth my 
Tables his cubicovariants ^^ {'^j y) and ^^ ip^iV)* And in the two new 
Tables, 85 and 86, I give the leading coefficients of the other two cubi- 
covariants ^3 {cc, y) and (j)^ {x, y). In the transformed equation the second 
term (or that in z^) vanishes, and the coefficient % of z^ is obtained as a 
quadric function of four indeterminates. The discussion of this form led to 
criteria for the character of a quintic equation, expressed like those of 
Prof. Sylvester in terms of invariants, but of a different and less simple 
form ; two such sets of criteria are obtained, and the identification of these 
and of a third set resulting from a separate investigation, with the criteria 
of Prof. Sylvester, is a point made out in the present memoir. The theory 
is also given of the canonical forms, which is the mechanism by which 
M. Hermite's investigations were carried on. The memoir contains other in- 
vestigations and formulse in relation to the binary quintic ; and as part of 
the foregoing theory of the determination of the character of an equation, 
I was led to consider the question of the imaginary linear transformations 
which give rise to a real equation : this is discussed in the concluding arti- 
cles of the memoir, and in an annex I have given a somewhat singular 
analytical theorem arising thereout. 

^ Sylvester " On the Eeal and Imaginary Eoots of Algebraical Equations ; a Trilogy,'* 
Phil. Trans, t. cliv. (1864) pp. 579-666; Hermite, "Sur 1' Equation du 6*= Degre,' 
Comptes Eendus, t. Ixi. (1866), and in a separate form, Paris, 1866. 



